Competition in banking was until recently regarded with suspicion. It would induce too much risk taking and generate financial instability (Mayer and Vives [1993] ). Deregulation and European integration, however, induced banks to compete for deposits using several dimensions. These include deposit rates, accessibility and the quality of financial services. This paper examines multidimensional banking competition. Financial products, in the model developed in the paper, are characterized by one feature of variety (location) and one feature of quality (remote access). The novelty of this model is that banks cannot become vertically differentiated without negatively affecting the degree of horizontal differentiation between them.
In the trahtional one-dimensional product differentiation literature, two models prevail, namely horizontal (Hotelling [1929] ) and vertical (Gabszewicz and Thlsse 119791, Shaked and Sutton [1982] ) differentiation. Products are horizontally differentiated when there is no consensus of ranking among consumers based on their willingness-to-pay. Products are vertically differentiated when there is such a ranking at equal prices. However, most products embody more than one characteristic and both types of differentiation. In the recent literature (Neven and Thisse [1990] , Caplin and Nalebuff [I9911 and Anderson et al. [1992] ), those one-dimensional models are extended towards multi-dimensional product differentiation. Some papers analyze product specifications in two characteristics (Neven and Thisse [1990] , Economides [I9891 and [1993] , Tabuchi [1994] ). In those papers, both characteristics are assumed to be independent. Our paper differs by having negative interaction between types of characteristics.
Financial products such as deposit accounts embody several characteristics, both horizontal and vertical. Horizontal differentiation arises with the location of a bank's branch. Vertical differentiation, in this paper, occurs whenever one bank offers remote access and the other does not. Remote access, in addition, implies a negative interaction1 between transportation rate and taste for quality: depositors with a higher taste for remote access face a lower transportation rate if that technology is available. In other words, the introduction of vertical differentiation between banks negatively affects the degree of horizontal differentiation between them.
Competition is modelled as a two-stage game. In the first stage banks simultaneously choose whether they will offer remote access or not. In the second stage, they compete in deposit rates. Within the subgame where only one bank offers remote access, two mutually exclusive cases exist. First, horizontal dominance2 arises when banks attract a positive market share for all types of 'The computer sector delivers another example of interaction between characteristics. Some stores sell their products with the opportunity to receive phone support while others not. Clumsy computer users located further away from the store value phone support more than their clumsy colleagues at a shorter distance.
'This terminology was first used by Nwen and Thisse [1990] . The terminology, however, does not coincide perfectly as they use it in a model without interaction term.
0Blackwell Publishers Ltd. 1996 taste for remote access. This occurs whenever the transportation rate overwhelms the quality difference and the interaction term. Second, vertical dominance arises when the bank (not) offering remote access obtains the entire market for depositors characterised by the highest (lowest) taste for remote access. This occus if the quality difference and the interaction term overwhelm the transportation rate. A model where depositors face different linear transportation costs arises as both banks offer remote access. A depositor with a high (low) taste for remote access has low (high) linear transportation costs.
Different equilibria emerge as the result of two effects. On the one hand, introducing remote access steals depositors from your opponent because the product specification becomes more appealing (direct effect). On the other hand, banks become closer substitutes (indirect effect). First, banks become closer substitutes as the impact of linear transportation costs decreases. Second, deposit rate competition is affected by the size of the quality difference. These two effects, "stealing" depositors versus "substitutability" between banks, determines the equilibrium. For low and high values of the ratio quality difference to transportation rate, only one bank offers remote access (specialization). Intermediate (very low) values of the ratio quality difference to transportation costs yield universal (no) remote access.
A closely related paper in the banking competition literature is Matutues and Padilla [1994]. They discuss the effects of ATM compatibility on banking competition. The similarities are the following. We both investigate and introduce non-price competition elements in banking competition. In both papers, banks cannot introduce new payment technologies without negatively affecting horizontal differentiation. Our paper, however, presents several distinctive features. First, in our model, depositors di#m in their marginal willingness-to-pay for the new payment technology. This implies that banks face extra incentives to differentiate themselves in the quality range. Second, related to the first, the degree of negative interaction between the horizontal and vertical characteristic differs among depositors. In other words, the negative effect on horizontal differentiation of becoming vertically differentiated is partly counterbalanced as one attracts the depositors with a high taste for remote access more easily. Third, each bank individually decides whether to introduce remote access or not. In Matutes and Padilla [1994] , banks propose compatibility agreements. Therefore, a compatibility decision is taken by at least two banks. Another related paper is Bouckaert and Degryse [I9951 who discuss phonebanking. In that model, all depositors have the same taste for using the phone option. In our model, depositors dzfler in taste for remote access. Heterogeneity in tastes arise as the frequency of using that technology differs. For instance, businesses face different needs for payment services than individuals. Therefore, the taste for remote access depends on the type of depositor. Finally, Matutes and Vives [I9921 present a model where banks differ with respect to location and perceived failure probability (reputation). Vertical and horizontal differentiation are unrelated, and all depositors have the same willingness-to-pay for reputation.
The paper is organized as follows. Section I1 proposes a multi-dimensional banking competition model. Section I11 discusses the second stage deposit rate equlibriurn while section IV focuses on the first stage product choice. Section V presents some concluding remarks.
THE MODEL
Consider a duopolistic deposit market. Competition for deposits is modelled as a two-stage game. At stage one, both banks simultaneously decide to offer remote access (T) or not (N). Introducing this technology is costless. In the second stage, they simultaneously choose deposit rates. Banks A and B are located on a circle with a circumference of 1 denoted by C. Their location is exogeneous given at respectively 0 and lj2. Therefore, the focus is on the introduction of quality variation and interaction between taste for quality and location. Deposit accounts with the associated services are defined by two characteristics. First, the location of a bank determines the physical access. Second, remote access may or may not be available. Banks invest the proceedings of their deposits and obtain an idential rate of return R per unit of money. They maximize the following profit function with R = rate of return obtained by banks ri = deposit rate of bank i D = amount of deposits attracted by bank i.
Each depositor invests one unit of money at one of the two banks.3 They perform one normalized financial transaction. Depositors have two characteristics. First, each depositor has a unique location z on C. Second, they have a taste for remote access 8 with 8 E @,a]. Remote access (T) implies that depositors can manage a fraction of their financial transaction remotely. If a bank decides not to offer remote access (N), all transactions need a visit to that bank. A depositor uses remote access, if available, for a fraction 8 of the normalized financial transaction. The fraction 8 can be interpreted as the fraction of account management transactions. The complement 1-8 represents the fraction of cash withdrawals. The latter clearly need a visit to the branch. Depositors differ with respect to 8, but they all prefer remote access at the same deposit rate.4 For instance, depositors vary in their payment behaviour. The taste for remote access 8 and the location z are assumed to be non contractible: deposit rates cannot be made conditional either on the taste for remote access or on location. As shown in Figure 1 , the space of depositor's characteristics (z,B) is the cylinder C x @, 815(Econornides [1993] Using remote access has two effects. On the one hand, it implies a fixed cost z per transaction, for instance the cost of a phone call. On the other hand, depositors save transaction costs. Firstly, they avoid the waiting cost k. Secondly, they save the linear transportation rate t times the distance between the bank and their location. Then, according to the presence of remote access or not, depositors have the following value for a deposit account:
where N = remote access not T = remote access offered 8 = fraction of financial transactions executed by remote access, if offered ri = deposit rate at bank i(i = A , B) z = distance between depositor's location and bank t = linear transportation cost k = expected cost of waiting at a bank desk z = fixed cost of using remote access v = reservation value large enough such that the market is covered
This model encompasses the vertical and horizontal differentiation models. If remote access is not offered (N), all financial transactions need a physical visit to the bank. The quality offered equals zero. Therefore, the depositor's value is independent of 8. The latter no longer holds when remote access (T) is offered. The term in square brackets in V) T,z, 8) represents the gain in fixed costs of using remote access (define k -z =n.This term is common in the vertical differentiation literature (see e.g. Gabszewicz and Thisse [1979] , Tirole [1988] ):
0Blackwell Publ~shem Lid 1996 8 represents the taste for quality while f (= k -z) describes the quality of the good. The last term in V(t, z, 8) implies non-separability in taste for quality and distance. There is negative interaction between transportation rate and taste for quality: depositors with a higher 8 face lower transportation costs. We expect the quality difference f to be high in securities and trading transactions. Speed in these markets is very important as opportunities are often short-lived. The quality difference is smaller for ordinary retail transactions.
Given the first stage decision about the choice of remote access, three types of subgames occur: both banks do not offer remote access (N,, Nb), one bank offers remote access (T,, Nb) or both banks offer remote access (T,, Tb).
According to (I), the indifferent depositor is located such that with x(8) =market share of bank A for type 8. Banks are undifferentiated along the remote access dimension. This subgame is a standard model of product differentiation with linear transportation costs t yielding the following deposit rate equilibrium:
According to (I), bank A' s market share for type 8 equals Banks are undifferentiated along the remote access dimension. Notice that A' s market share is a function of 8 due to the interaction term.6 The demand function is derived in Appendix 1.
In this subgame, depositors face different linear transportation costs. These are uniformly distributed over a continuum [t(l -a),t(l -a].Depositors with a high (low) taste for remote access face low (high) transportation costs due to the interaction term. This situation is similar to Garella and Martinez-Giralt [1993] . There, by assumption, consumers are uniformly distributed in the space of linear transportation costs.
We end up in a situation like the (N,, Nb) case in the absence of the interaction term.
-
The equilibrium interest rate if 8 < 0.965 equals
with Dz = Dg = 1/2 (for the derivation, see
Appendix 2).
In the absence of the interaction term, profits and equilibrium deposit rates are the same as in subgame (N,, Nb). The interaction term generates higher equilibrium deposit rates and lower profits. Therefore, competition is sharpened vis-a-vis the (N,, Nb) case.
III ( Banks are differentiated along the remote access dimension. Therefore, the xcurve depends on the quality difference f between both banks. In addition, the xcurve depends on the taste for remote access 8. It is non-linear in 8 due to the interaction term. The demand function is derived in Appendix 3. The demand function consists of a convex, a linear, and a concave segment. In this subgame, profit functions are quasi-concave. Therefore, there is a unique equilibrium.
Two mutually exclusive cases occur namely vertical and horizontal dominance. The vertical dominance case is depicted in Figure 2 . Note that r:d < rid and D :~2 DId. We can decompose the impact of remote access on profits in two effects. The first is a direct effect; that is the effect given that the other bank sets an interest rate as in the (N,, Nb) case. The direct effect when case VD prevails is positive and equals
It is positive as remote access increases the attractibility of that bank. In other words, a bank becomes "closer" to depositors. The second is an indirect effect; that is the effect on profits of a change in the interest rate of the bank not offering remote access. It equals the difference between the equilibrium profits and the first term in the previous expression. The indirect effect is positive as the intensity of price competition is decreased. Therefore, a bank should overinvest in remote access for strategic purposes. The horizontal dominance case is shown in Figure 3 . Horizontal dominance (HD) occurs when A attracts a strictly positive market share of the @ types while it does not serve the entire market for the 8 types. This case is characterised by the dominance of the transportation rate over the quality difference and the interaction term.
A necessary condition for HD is f / t < [(2 -8)/(2(8-Q))]. HD is more likely the lower the heterogeneity in taste for remote access. The Q types located at bank A prefer to deposit at that bank. The 8 types located at bank B not
In the absence of the interaction term, VD would arise iff /t 3 1/(8 -B). Therefore, the region whereVD prevails increases due to the negativeinteraction between the taste for remote access and the transportation rate. offering remote access prefer to hold a deposit account at that bank. The equilibrium for horizontal dominance is described in Proposition 2.
Proposition 2 Consider the case of horizontal dominance and let q = ln((2 -t?)/(2 -8)). The equilibrium interest rates, provided they belong to the linear segment of the demand function, are and Pro08 See Appendix 5 .
Note that ed< ddand ed>, gd. Again, we can decompose the effect on profits of introducing remote access in a direct and indirect effect. The former is positive and equals It is positive as offering remote access increases the attractibility of that bank. The latter is the difference between the equilibrium profits under HD and the first term in the previous expression. The indirect effect is negative when case HD prevails. In other words, banks should underinvest in new communication technologies in order to avoid an aggressive response of the competitor.
We discuss some important comparative statics before moving to the first stage product decision. The effect on profits of a change in the quality difference t on the bank not offering remote access is contingent on the type of dominance. More specifically, an increase in f has a positive (negative) impact on the profits under vertical (horizontal) dominance. The reason is that this change decreases 0Blackwell Publishem Ltd 1996 (increases) the "number of marginal depositors" under vertical (horizontal) dominance. In other words, an increase in f positively (negatively) affects the incentives under horizontal (vertical) dominance to compete for the marginal depositors.
IV PRODUCT DECISION-MAKING
In the first stage of the game, banks simultaneously decide what product (remote access or not) they will offer. Three types of product equilibria occur: no remote access (Nu, Nb), specialization (T,, Nb) or universal remote access (T,, Tb). The Subgame Perfect Nash Equilibria in pure strategies (SPNE) when HD prevails in subgame (T,, Nb) are presented in Proposition 3.
Proposition 3 Let and
Given that HD is the unique equilibrium in subgame (T,, Nb), the following Subgame Perfect Nash Equilibria occur (see Figure 4 ): a) no remote access in equilibrium iff < g(t) (region I). b) specialization in equilibrium if g(t) <f < E(t) (region I I ) . The case where VD prevails in subgame (T,, Ng) is presented in Proposition 4.
Proposition 4 Given that VD is the unique equilibrium in subgame (T,, Nb), the following equilibria occur (see Figure 4 ): a) no remote access is never an equilibrium. b) universal remote access is an equilibrium for lower values of the ratio f /t (region VII). c) specialization is an equilibrium for higher values of the ratio f /t (region WI).
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Proox See appendix 7. A necessary condition for HD to prevail in subgame (T,, Nb) is that (f, t ) is in regions I, 11, I11 or IV: The functions g(t) and E(t) represent the borderline between regions I and 11, I1 and I11 respectively. If the ratio quality difference to transportation costs is low (region I), neither bank offers remote access (no remote access). Offering remote access makes the deposit account more appealing (direct effect). Banks, however, become much closer substitutes since the linear transportation costs are dominant (indirect effect). Therefore, banks do not offer remote access. For intermediate values of the ratio quality difference to transportation rate (region 11), exactly one bank8 introduces remote access (specialization). In that region, the bank offering remote access steals sufficient depositors from its opponent since the quality difference is more important. As specialization is the equilibrium outcome in region 11, horizontal dominance occurs. Each bank attracts a positive market share for each 8 type. Offering remote access implies that banks partially segment their clients: the bank offering remote access attracts a higher market share of the depositors with a high taste for remote access. An increase in the quality difference f implies that the profits of the bank not offering remote access decrease. If this quality difference becomes sufficiently large, both banks offer remote access (universal * A co-ordination problem arises as two prime strategy equilibria occur ((T,, Nb) and (N., Tb)).
0Blackwell Publishers Ltd. 1996 remote access) (region 111). The bank offering remote access steals a lot of depositors away from the opponent. This direct effect overwhelms the indirect effect of banks becoming closer substitutes. If universal remote access prevails, banks become less differentiated and competition is sharpened. The equilibrium is not on the linear segment of the demand function in region IV Therefore, we cannot investigate the overall SPNE for that region.
A necessary condition for VD to prevail in subgame (T,, Nb) is that Cf, t ) is in regions V, VI or VII. In region V, the equilibrium is not on the linear segment of the demand function. Therefore, we cannot investigate the overall SPNE for that region. The functions separating regions V, VI and VII are implicit in f and t. No remote access is never a SPNE. Offering remote access yields a higher intermediation margin as well as market share. Universal remote access is the unique equilibrium in region VI. Not offering remote access decreases substantially the attractiveness of that bank. If this decrease in attractiveness is not compensated by a decrease in substitutability, universal remote access is the unique SPNE. Banks are less horizontally differentiated when universal remote access prevails. The profits of a bank not offering remote access in the (T,, Nb) case are positively affected by an increase in f because this softens deposit rate competition. In other words, an increase in f reduces the substitutability between banks. Therefore, specialization arises for high values of the ratio quality difference to transportation rate (region VII). In that region, the bank (not) offering remote access attracts all high (low) taste for remote access types.
The introduction of remote access by at least one bank becomes more likely the lower the transportation costs. In other words, the attractiveness of introducing remote access increases if banlang competition is already very strong.
Solving the game without the interaction term yields a different outcome. In the case where HD prevails both banks introduce the technology.9 Banks steal depositors from their opponent. However, the substitutability is not affected as linear transportation costs do not decrease. Therefore, a different outcome results. If VD prevails, the region where specialization occurs decreases. Offering the technology has lower competitive effects as there is no negative effect on horizontal differentiation.
V. CONCLUDING REMARKS
In our framework, the disutility of the transportation rate depends on the presence of remote access. This explains the negative interaction between transportation rate and taste for remote access. Therefore, the degree of horizontal differentiation between banks is negatively affected by the introduction of remote access.
Without the interaction term, one cannot speak of remote access since depositors need to visit the bank: depositors only save waiting costs.
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A range of equilibria emerge as the result of two effects. On the one hand, introducing remote access steals depositors from your opponent because the product specification becomes more appealing (direct effect). On the other hand, remote access affects the substitutability of banks for two reasons (indirect effect). First, banks become closer substitutes as the impact of linear transportation costs decreases. Second, deposit rate competition is affected by the size of the quality difference. For low and high values of the ratio quality difference to transportation cost, only one bank offers remote access (specialization). Intermediate (very low) values of the ratio quality difference to transportation costs yield universal (no) remote access.
If specialization arises, offering remote access is an instrument to (partially) segment clients. Vertical dominance occurs whenever the bank (not) offering remote access supplies the entire market of depositors with a high (low) taste for remote access. A necessary condition is that the ratio quality difference to transportation costs is sufficiently large. Horizontal dominance occurs if that ratio is sufficiently low. Then, both banks serve part of all taste for remote access types. Under both types of dominance, the bank offering remote access pays a lower deposit rate and faces a higher demand. this is when A attracts the entire occurs if ;Id < ra < zd, market for the 0 types (first inequality) and has a zero market share for the e types (second inequality).
HANS
Horizontal dominance (HD) occurs if zd< ra < ?Idd, this is when A attracts for the 0 types a strict p_ositive market share (first inequality) while it does not serve the entire market for the 0 types (second inequality).
If r, is "high", A attracts the entire market for 8 types (r, 2 ;Id)and serves at least some -0 types (r, 2 2d). The demand A faces becomes O Blackwell Publishem Ltd. 1996 Equilibrium subgame (T,, Tb) We will proceed as follows. First, it is shown that there is only an equilibrium if ra E Di and rb E 1 -D:. Second, the equilibrium is computed and characterized. a) There exists no equilibrium for ra E q and rb E 1 -@ and its symmetric ra E and rb E 1 -D;f.
Necessary conditions to have a maximum for ra E q and rb E 1 -@ are respectively a n b
Since ra E [ p ,Fa] , the LHS of (7)is negative while the RHS of (7) Fa.(aE [0, 11) . Fa], then ra u p + (1 -The FOC for ra then equals
-6
If (4) < 0 for all a E [0,11 then A' s best reply is not in [ p ,Fa] . Notice that if a = 0, (4)
Expression (5) reaches its minimum for a* = [3(8-8) + 2@ -88 + 6)2]/ (82(8-8) Now, (i) and (ii) imply that the profit function has a global maximum in the interior of D: if a < 0.965. By symmetry, the same analysis holds for n b ( e , 6 )2 I'Ib(e, rb). APPENDIX 4 Proof of Proposition I The proof will proceed as follows. First, we show that the profit functions are quasiconcave and continuous in their own interest rate. Second, the equilibrium is characterized for r, E d, and rb c 1 -D:. a) Let's focus on the profit function of bank A when VD occurs. The demand function for segments D: and e is concave implying a concave profit function in r,. The demand function described by segment @ is convex in r,. Since dx;/ar;t < 0 and the RHS derivative at r"'& equals zero, i3~c:/ar, = 0 has at most one solution on the segment @.
Notice that atatd, the LHS and RHS derivative are equal.
Combining the concavity of za on d, and e,the fact that a?l,/ar, equals zero at c'n and and the results from segment @, we obtain that n, is quasi-concave inr,. Since the profit function is continuous and quasi-concave, n, has a unique maximum with respect to r,.
The same kind of reasoning applies for nb. Hence the subgame possesses a Pure Strategy Nash Equilibrium (Dasgupta and Maskin [1986] Proof of Proposition 3 Notice that &(Ta, Nb) = n,(N,, Nb) iff tl =~( t ) and nb(Ta, Nb) = xb(Ta, Tb) iff tl = B(t). In addition, notice that ~( t ) < E(t). Hence, a) (N,, Nb) in equilibrium iff 6 g(t). b) (T,, Nb) in equilibrium if g(t) <f < E(t). C) (T,, Tb) in equilibrium iff 3 t(t).
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